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SUMMARY
Livestock improvement and the preservation of unique, endangered breeds are presented as coequal 

elements of integrated genetic resource management programs. Methods for use of indigenous breeds in 
commercial production are emphasized, but loss of identity for many breeds through crossbreeding or replacement 
with more productive types is still likely to occur. Alternative sizes for breeding populations are discussed 
relative to the goals of conservation programs. Use of small populations supported by frozen semen to preserve 
the essential alleles of endangered breeds is also discussed.

INTRODUCTION
Conservation of genetic resources to support future livestock improvement should be a high-priority goal. 

Evidence from plant breeding amply demonstrates the potential value of wild relatives, primitive domestic stocks 
and landraces as sources of germplasm for improvement of elite commercial stocks and hybrids (Cox et al., 1988; 
NRC, 1993a). Utilization of novel germplasm in anim al breeding through either conventional breeding methods 
or molecular techniques lags behind that in plants, in part because most anim al genetic resources are still poorly 
documented and characterized. However, it would be naive to conclude that useful alleles will not be found or 
that they will remain inaccessible because they reside in an otherwise undesirable genetic background.

Critical issues in conservation of domestic animal diversity th u s  include:
1. Definition of utilization strategies for available breeds to optimize production efficiency and sustainability 

throughout the global range of environments and production systems, and of livestock improvement strategies 
that make appropriate use of global domestic animal diversity.

2. Optimum strategies for assessment and preservation of the genetic diversity which exists in breeds that are not 
currently favored in commercial production.

DOMESTIC ANIMAL DIVERSITY AND LIVESTOCK IMPROVEMENT
A coherent program to preserve domestic animal diversity must be able to coexist and interact with 

equally coherent programs for livestock improvement. Both are critical elements of livestock genetic resource 
management, and they must not be perceived as in conflict. Increases in rate and efficiency of livestock 
production will generally dominate die agenda of genetic resource management programs, and the achievement of 
these increases will inevitably lead to changes in both the genetic composition of livestock populations and the 
relative importance of different breeds. The impact of these changes on domestic animal diversity will depend 
upon the way in which genetic change occurs and upon the contribution of existing breeds to future gene pools.

The viability of a population is maximized whan that population occupies a secure niche in the 
commercial livestock industry of a nation, and when its role in commercial production is widely understood and 
accepted. Widespread dissemination of specialized breeds of high production potential, and the crossing of these 
breeds with indigenous breeds, has, in some cases, led to real and important improvements in rate and efficiency 
of production, but the success of these breeds has often been contingent upon simultaneous improvements in

509



management, nutrition and health care. Also, the use of imported breeds need not result in the extinction of 
indigenous breeds, but may, instead, allow for new opportunities for germplasm utilization in the context of the 
following options for population improvement.

Selection within indigenous breeds. Within-breed selection cannot produce rapid changes in performance, 
but may be the most appropriate strategy when expected changes in environment, management and market 
demand are compatible with anticipated selection responses of 0 to 2% /year. Also, if other breeds do not possess 
appropriate adaptaPonal characteristics, within-breed selection may be preferred to retain favorable genetic 
combinations specific to a given area or management system. Genetic mechanisms controlling adaptation and 
fitness traits tend to be complex (involving dominance, epistasis, etc.) while those controlling production traits are 
more nearly additive. Thus improving adaptation through selection in an introduced or composite breed may be 
much more difficult than improving production in a preexisting, adapted breed.

Implementation of structured crossbreeding programs. Experience with use of exotic germplasm in 
nontraditional environments has shown frequent superiority of F j crosses relative to either indigenous or imported 
purebreds or to inter se crosses of Fj types. This pattern is not surprising given anticipated effects of hybrid 
vigor and potential fevorable epistatic effects that are maintained in the Fj but lost in advanced crosses. Based on 
productivity alone, these situations argue strongly for use of structured crossbreeding programs involving males 
of imported breeds mated to either indigenous or crossbred females. If properly constituted and managed, these 
programs may expand rather than reduce genetic diversity of a region so long as indigenous breeds retain a key 
role in the breeding system. For example, if. in a swine population containing 50,000 sows, an indigenous pure 
breed was replaced by three-breed crosses using the indigenous breed as the maternal grandparent in the cross, 
perhaps 10,000 F j sows would be required annually for replacements and 1,500 to 2,000 sows of the indigenous 
breed would be required for their production. This number is consistent with maintenance of both genetic 
diversity and reasonable response to selection in the indigenous breed.

However, issues of genetic resource management usually cannot be addressed based on productivity 
issues alone They must also consider social and educational issues and the logistics of maintaining appropriate 
populations of parents and crosses. In many developing countries breed identity has traditionally been defined by 
local isolation and, perhaps, certain phenotypic criteria, rather than by pedigree-based criteria inherent in the 
Western European concept of breed identity. Use of locally available breeding stock of a certain type (e.g., color, 
hom shape, etc.) was sufficient to maintain the pure breed. However, if imported breeds are introduced into an 
area, and accepted by the farmers, there may be little recognition of fee need to establish any sort of structured 
breeding program. "Good" animals are to be used for breeding and the "good" an im ak (for fee moment at least) 
are often F j crosses.

Governments should assist farmers in assessing fee merit of imported animals and their crosses under the 
full range of management conditions, over the complete life cycle, and in fair comparisons wife indigenous types. 
The development of breeding objectives for different management systems and markets should be a key element of 
genetic resource management. It is also an activity feat can often be conducted wife limited resources and is 
critical in developing countries where traditional and intensive production systems often coexist. Provision must 
also be made to maintain fee genetic integrity of indigenous breeds until their evaluation is complete and decisions 
have been made regarding optimal utilization of imported breeds. If crossbreeding appears to be the system of 
choice, government support may also be required to establish a self-perpetuating systems based on use of several 
breeds. Necessary action may include training of livestock technicians and farmers in basic concepts of 
crossbreeding, development of a registry system to document breed identity, establishment of conservation areas
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for indigenous breeds, and support for marketing systems that recognize the value of indigenous purebred 
replacement females for use in crossbreeding or in traditional production systems. Among the developing 
countries, Brazil is an exception, since it has a thorough Conservation Program, coordinated by 
CENARGEN/EMBRAPA, that includes many endangered breeds of the different livestock species (Marianle and 
Bern, 1992). Likewise, China established an extensive system of state conservation farms following an exhaustive 
survey of the nation's livestock genetic resources in the period 1976-1984. However, current economic pressures 
on China's state farms have called the long-term viability of this system into question.

Creation of composite populations. Composite populations of indigenous and imported breeds permit 
utilization of desirable genes from both sources without a continuing need to maintain the discrete populations 
required for structured crossbreeding. However, formation of composite lines to replace indigenous breeds raises 
difficult issues in genetic resource conservation. Specifically, these breeding programs force us to define the true 
goals of genetic resource conservation: the conservation of breeds as unique genetic entities or the conservation of 
alleles as raw material for future genetic improvement.

In the long term, only alleles and allelic combinations have value. Changes in production systems and 
markets are inevitable, as are changes in gene frequencies and epistatic allelic associations to accommodate 
changing needs. In terms of utilization of domestic animal diversity, the potential impact of alleles of an 
indigenous breed can be far greater when that breed contributes 25 to 50% of the genes of a successful new 
composite breed than when the indigenous breed remains pure but is reduced to relic status. One may even argue 
that replacement of indigenous breeds with successor populations is unlikely to meaningfully reduce overall allelic 
diversity, so long as the orig inal breed has ample opportunity  to contribute to its successor.

However, we should hasten to add that the absolute loss of unique alleles within a species is often not the 
critical issue in genetic conservation. Instead, it is loss of access to those alleles that is critical and the 
maintenance of access to genetic diversity may be the guiding principle in design of conservation programs. It is 
rapid access to diversity that is lost when indigenous breeds are combined with other stocks to create new 
populations and that access cannot be readily regained. For example, prolific Finnish Landrace sheep have been 
used in composite lines in many countries, but have found little favor as a pure breed. Yet without continued 
existence of this breed as a source of genes for high prolificacy, future development of new breeds would be 
restricted. Similarly, the genes for control of high ovulation rate and early sexual maturity in the Taihu pig breeds 
of China could be retained in leaner composite breeds but would be accessible for future breed development only 
through selection within the new composite. Thus formation of composite breeds is an appropriate form of gene 
utilization, but not of gene conservation due to loss of access to parental alleles.

Breed replacement. Situations of breed replacement offer the greatest challenges in management of 
diversity, and are likely to be truly appropriate only in association with rapid changes in management conditions 
or consumer demands. The dangers to genetic diversity in such situations must be kept in perspective but cannot 
be ignored. The emergence of intensively managed populations of Holstein dairy cattle or Western broiler and 
layer chickens near expanding urban centers generally represents establishment of new populations to serve new 
markets and will necessarily harm genetic diversity only if traditional breeds in remaining agricultural areas are 
also replaced. The dangers of breed replacement are greatest when threatened populations are not properly 
evaluated relative to their competitors, and when use of imported germplasm is not limited to intensive production 
units. Training programs on principles of animal breeding in stressful environments are needed for both importers 
and exporters and would do much to counter the irresponsible merchandising that often is associated with sales of 
exotic germplasm. For example, F j crosses of Criollo and Zebu cattle are superior to either parent in many areas
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of Latin America whereas the advantage of the purebred Zebu over the native Criollo is small (Plasse, 1983). 
Yet, if it had not been for the determined action of governments and private breeders in die region, a near- 
complete breed replacement could have occurred, but with little long-term benefit. Another example is the rapid 
replacement of the Curraleiro or Peduro Criollo cattle in the Northeastern region of Brazil by Zebu breeds. Since 
these Zebu breeds are not adapted to the poor native pastures of that region, they cannot achieve the same fertility 
rate as the Curraleiro cattle (around 70%), which is considered extremely high for that harsh environment. 
Breeders, however, insist in upgrading Curraleiro herds to Zebu breeds because these are well known as good beef 
producers in Central Brazil.

MANAGEMENT OF ENDANGERED BREEDS
Even with optimum utilization of domestic animal diversity, some breeds will inevitably be threatened 

with either outright replacement or loss of identity through crossbreeding. This process of breed evolution is not 
new, but its rate has been greatly accelerated by improved international communication and transportation, use of 
reproductive technologies such as AI and ET, demand for greater uniformity of products in global markets and 
pressing needs worldwide to increase rates of animal production. In particular, the regional isolation that 
permitted development of unique and highly differentiated populations is rapidly disappearing as genuinely global 
breeds emerge.

There is thus clear need to identify threatened breeds, prioritize conservation activities and develop 
uniform guidelines for sampling and breed preservation under various conditions. All recognizable livestock 
populations will not, and probably should not, be retained indefinitely. Thus rational breed sampling procedures 
will be required to conserve appropriate levels of genetic diversity. The genetic theory governing management of 
small populations is well known, as are the losses in heterozygosity and allelic diversity associated with 
cryopreservation of semen and embryos (Smith, 1984). However, considerable difference of opinion exists 
regarding the number of animals required for a genetically viable population, with estimates of the desired 
effective number (Ng) ranging from 25 to 400 (Bodo, 1992). In part, these discrepancies arise from differences in 
the criteria used. In general, three situations can be defined for maintenance of diversity in breeding populations.

1. Specimen populations are of the minimum size required to avoid debilitating rates of inbreeding. In 
most cases, populations can retain viability at inbreeding rates of 1%/generation, corresponding to Ne = 50. This 
Ne can be achieved, for example, with 14 males and 100 females under random mating or with 50 females and 10 
males if Ne can be increased by 50% by controlled matings. However, substantial genetic drift can still occur in 
such populations. For Ne = 50 and a generation interval of 2 yr, heterozygosity is expected to decline by nearly 
40% in 100 yr. Likewise, opportunities for selection may be limited within specimen populations.

2. Conservation populations are designed to maintain a substantial proportion of the genetic diversity 
within a population over an extended period of time. Since rates of genetic drift vary with generation interval 
(GI), the minimum Ne for a conservation population will vary with species. Maintenance of 90% of initial 
heterozygosity after 100 years requires an Ne of 60 for a GI of 8 yr (e.g., 18 stallions and 90 mares for horses), of 
95 for a GI of 5 yr (e.g., 25 bulls and 475 cows), of 120 for a GI of 4 yr (e.g., 32 rams and 480 ewes), of 237 for 
a GI of 2 yr (e.g., 65 boars and 670 sows) and of 475 for a GI of 1 yr (e.g., 140 roosters and 785 hens). 
However, Denniston (1977) argues that retention of allelic diversity (i.e., all common ancestral alleles), not of 
heterozygosity per se, is the true goal of conservation and that larger numbers are required to achieve a 
reasonable probability of retaining several alleles in a single population.
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3. Improvement populations are those considered to be of current or potential economic importance and 
which require establishment of genetic improvement programs to maintain economic viability. Little consensus 
exists on the minimum population size required to support genetic improvement, but one of the strengths of the 
global breeds that currently have the greatest impact on indigenous breeds is their large population size and 
associated opportunities for intense selection. In this context, attainment of acceptable selection intensities for 
males (from 1.5% in cattle to 0.1% in chickens) with acceptable rates of inbreeding (1 to 2%/year) would suggest 
minimum sizes for improvement populations of about 2,000 cows or ewes, 500 sows and 1,000 hens. These 
animals could be spread over several management units, so long as provision exists for uniform performance 
recording, centralized data processing and use of selected males throughout the population. Improvement 
populations should be established well before breeds reach endangered status. However, if selection within 
improvement populations is intense, it may also be desirable to establish unselected specimen populations or 
preserve semen to ensure retention of foundation alleles.

Design of conservation programs. Comprehensive genetic resource management plans will involve 
combinations of improvement, conservation and specimen populations. Improvement populations would involve 
those breeds of greatest economic potential as purebreds or in structured crossbreeding programs. Examples 
would include Sahiwal cattle of Pakistan, prolific Chinese pig breeds such as the Erhualian and trypanotolerant 
livestock breeds of West Africa. Identification of breeds that possess current economic value and establishment 
of improvement programs for these breeds is a critical element of genetic resource management.

Breeds that are extremes for economically important traits or possess unique environmental adaptations 
should at least be maintained as conservation populations, and would also generally benefit from establishment of 
improvement populations when resources or breeder enthusiasm exist. Breeds used in composite breed formation 
are particularly strong candidates for conservation populations to ensure access to their genes for future breed 
development. Examples would be the various hyperprolific pig and sheep breeds and Asian chicken breeds which 
possess favorable flavor characteristics.

The role of specimen populations is less obvious. They would usually represent breeds with limited 
immediate commercial potential; with a high degree of regional localization; that possess adaptations to harsh 
environments but are inferior to other, similarly adapted breeds; that represent biological extremes for undesirable 
traits (e.g., fat pigs, dwarf types, etc.); or that have simply been passed over by commercial farmers. They would 
generally correspond to the unique and endangered breeds targeted for preservation by NRC (1993b). In some 
wealthy nations, many such breeds are supported by nongovernment organizations, fenders and private 
individuals but in developing nations, many of these breeds are likely to disappear.

Formulation of strategies for conservation of domestic animal diversity, and particularly for preservation 
of breeds without obvious economic merit, has to some extent been constrained by a tendency to evaluate each 
breed as an independent entity rather than as a representative of the genetic diversity of the spedes. Arguably, the 
goal of genetic conservation programs is not the preservation of breeds per se; it is conservation of the genetic 
diversity of the spedes in a readily accessible form. Conservation of a wide sample of breeds is simply the most 
convenient means to that end.

In that situation, maintenance of specimen populations of several endangered breeds would effectively 
allow maintenance of the high-frequency alleles in each breed. These alleles, which control the main phenotypic 
characteristics of the population, may be defined as the signature alleles of the breed. Rare alleles within any one 
breed would not necessarily be m aintained  but a high degree of allelic diversity should be m aintained across all
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preserved breeds. Indeed, for breeds without an immediate role in commercial production, maintenance of genetic 
diversity is almost certainly better served by maintaining five breeds in specimen populations at Ne — 50 than by 
choosing one of the breeds or pooling of the breeds in a conservation herd with Ne = 250.

Chong (1989) formulated a theory of systematic conservation to address conservation of China’s pig 
breeds (Chen et al., 1994). A minimum of 48 unique indigenous breeds have been described in China (Wu, 
1990) and over 100 local populations have been cataloged. Use of imported breeds is widespread, however, and 
is supported by a vast system of pig AI centers. Although numbers of local sows remain large, in many provinces 
boars of local breeds are completely excluded from the AI centers, and the long-term prognosis for most of 
China's indigenous pig breeds is poor (Notter and Wrigley, 1994). In this context, Sheng (1989) rejected 
preservation of all of China's pig breeds as unrealistic and unnecessary. Instead, categorization of breeds into 
unique biological types was proposed, with establishment of unselected specimen populations for one or two 
breeds of each type. Thang (1991) identified 18 pig breeds that span the range of existing biological types and 
could serve as a core reservoir of China's pig diversity. Notter and Wrigley (1994) also emphasized the need for 
molecular measures of genetic relationships among breeds to support this effort and suggested cryopreservation of 

to onhanre the sampling of chosen breeds and allow some expansion in the number of breeds preserved.

Specimen populations allow retention of live animals of the breed for study, exhibition and evaluation and 
as a source of cytoplasmic alleles. Resources required to maintain specimen populations are likewise often within 
the reach of local governments or groups of private breeders who may wish to conserve a local breed. Breeds 
rnneignfd to specimen status for a few generations will experience substantial genetic drift and may not retain 
sufficient genetic variation to allow restoration as viable commercial purebreds, but it is also unlikely that such an 
abrupt reversal of fortune would occur. The most likely use of breeds consigned to long-term preservation 
programs does not lie in restoration as commercial purebreds but in contribution of unique and potentially 
unanticipated alleles to commercial stocks through either formation of a composite breed or extraction of single 
genes by repeated backcrossing or gene transfer. For example, use of 10 males from a specimen population with 
an inbreeding coefficient of .5 to create a composite population with 25% of its genes from the
conserved breed would result in an increase in inbreeding within the composite of only .03.

In formulating sampling strategies for plant germplasm, Marshall and Brown (1975) defined four 
conceptual classes of alleles as: 1) common and widespread, 2) rare and widespread, 3) common but localized 
and 4) rare and localized. Those in the first class are not a concern, and concern for those in the last class is 
probably futile in all but the most extensive sampling programs. Alleles in the second class will likely exist within 
/■nmmprnal populations, and therefore are usually not a concern unless the genetic diversity of the species as a 
whole becomes severely restricted. Thus it is the alleles of the third class, the signature alleles of a breed or 
subpopulation, that are of most concern and are most effectively conserved by preservation of specimen 
populations of a wide sample of breeds. These conclusions are consistent with those of Smith (1984) who 
recommended that conservation programs should: 1) conserve many stocks in small numbers, 2) choose stocks 
which are genetically and phenotypically diverse, and 3) store the stocks as pure lines rather than gene pools.

ROLE OF CRYOPRESERVATION
Cryopreservation of semen and embryos is a powerful tool for preservation of genetic diversity. It is not 

perfect, nor is cryopreservation alone sufficient but, when feasible, this option cannot be ignored. Widespread use 
of AI and expanding use of ET are often cited as having a negative effect on genetic diversity. Yet these 
technologies can also provide powerful support for conservation. Collection and freezing of semen for AI in cattle 
is occurring in many nations, and a commitment to collection of semen of local endangered breeds should become
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an integral part of those programs. Fresh semen is more commonly used in pigs and sheep, but the technology for 
freezing is available and an infrastructure for sampling, training and collection of m ak often is in place. 
Opportunities for use of frozen semen in conservation programs for pigs and sheep are particularly great in China 
and Russia, where a tradition of use of AI is already strong for these species.

The potential of frozen semen to support conservation of diversity is particularly strong in specimen 
population. Consider a specimen herd with Ne = 50, and GI = 2 supported by frozen semen of 10 unrelated 
foundation sires. After 100 yean, the anticipated inbreeding coefficient in the herd is .39. Use of am<-n of the 10 
sires for one generation would, however, reduce accumulated inbreeding to .11, similar to that anticipated in a 
conservation herd of Ne = 230. In addition, for multiple alleles, the probability of retaining all alleles from the 
foundation population is higher for a specimen herd supported with frozen semen than for a conservation herd 
propagated by random mating alone.

Smith (1984) suggested that semen from 25 unrelated sires would provide an exceptionally good sample 
of the genetic diversity of a breed and this figure has since been widely accepted. Yet in the context of species
wide sampling, it may be higher than necessary, as the example above indicates. A better goal may be to collect a 
HHPimum of 10 sires for a breed targeted for preservation, with the sample size then increased to 25 for breeds 
perceived to have the greatest potential for future commercial value, or as funds and facilities permit As for the 
specimen herds, cryopreservation of semen of 10 sires of each of five breeds will provide for greater preserved 
allelic diversity than frozen semen of 25 sires of each of two breeds.

Many authors do not discriminate between cryopreservation of semen versus embryos, but there are 
important differences. For all species, the likely cost per haploid genotype maintained or per animal sampled is 
much less for semen. Figures presented by Brem et al. (1989) document the high investment required for embryo 
preservation in cattle. In general, embryo preservation should be attempted only when ET is already in use for 
livestock improvement in the industry or when a breed has both clear potential value and a high lil«-liiwvt 0f 
extinction. In contrast, collection of frozen semen is economical enough to be at least considered even if AI is not 
being used regularly in the industry.

The advantages of embryo preservation are well known, but most can be duplicated with well-managed 
specimen herds. Restoration of the purebred genotype in a single generation requires either frozen embryos or the 
availability of living populations and is a particularly important consideration when the reproductive rate is low or 
the generation interval is long. However, in pigs, 1,000 pigs carrying 93.75% of the nuclear genes of the 
conserved breed can be generated in about 40 months using frozen semen and 100 sows of an unrelated breed 
(Notter and Wrigley, 1994). Maternal cytoplasmic genes cannot be recovered from semen but are efficiently 
maintained in specimen populations. Recombination of cytoplasmic alleles does not occur across maternal 
lineages, so these alleles are effectively conserved by maintenance of even a modest number of female lineages.

The ability to rapidly recreate living purebreds is a particularly important issue in germplasm 
Semen or embryos frozen today may well be unable to meet future health requirements for intematirmai 
movement. The prompt use of such conserved germplasm will then depend cm the ability to rapidly generate live 
animals for diagnostic testing and export

In response to concerns about the disappearance of large numbers of livestock breeds, the Food and 
Agriculture Organization of the United Nations decided to create seven Regional Animal Gene Rantc m the 
developing countries: two in South America (Brazil and Argentina), one in Mexico (for Central America and the

515



Caribbean), two in Asia (China and India), and two in Africa (Ethiopia and Senegal). The Regional Gene Banks 
will store semen and embryos of breeds and/or species in danger of extinction from all the participating countries 
of the specific continent -where they are located (Mariante, 1992).

CONCLUSIONS
Genetic resource conservation must recognize the dual objectives of livestock improvement and preserva

tion of genetic diversity. These objectives are best met when breeds occupy secure roles in commercial production. 
THpnti-firgtion of such roles should be a priority. For breeds that cannot be maintained in commercial production, 
priority should be the preservation of unique endangered breeds at population sizes that maintain the signature 
alleles of the breed and avoid debilitating effects of inbreeding. Cryopreservation of semen and embryos can 
assist in these preservation efforts and is recommended, with priority at this time given to use of frozen semen.

Key areas for further discussion include:
1. Formulation of breeding objectives for specific environments, management systems and markets.
2. FctahUchment of training programs that stress the practical application of quantitative genetic theory to both 

conservation activities and the design of breeding and improvement programs.
3. Objective assessment of the economic merit of indigenous breeds and of priorities for conservation using 

improvement herds, conservation herds, specimen herds and cryopreservation to maintain ready access to the 
global genetic variation present within a species.

4. Development of guidelines for implementation of breeding, conservation and cryopreservation programs under 
different social, political and economic conditions
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